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NATIONAL ADVISORY COMMITTEE FOR ABRONAUTICS
TECHENICAL NOTE NO. 868 - - ST Lz

THE INFLUENCE OF IMPACT VELOCITY
ON THE TENSILE CHARACTERISTICS
OF SOME AIRCRAFT MBETALS AND ALLOYS e

By Donald S. Clark S .u”_%__
SUMMARY

This report deals principally with the results of
tension tests on sixteen metsls and alloys, most of which
are employed extensively in aireraft construction. The
tension characteristics are discussed for static condi-~ )
tions and rates of deformation up to about 150 feet per T
second. e ==

The equipment and procedure employed in these tests LT
are described. Velocities are obtained by fieans o6f a T
heavy rotating disk. The forces acting during impact are
determined by means of & strain-sensitive resistance dyna-
mémeter and are .recorded with a cathode-rday oscillograph.
THe effective .constant velocity of the rotating disk per- _
nits the -development of stress-strain dlagrams._ T S

As 2 result of these tests, it has been shown that

stalnless steel are adversely affected by an increasing .
rate of ‘deformation. The other nateriales tested exhibit T
changes of yield stress, ultimate strength, and other ten- :
sile properties, " . ' R

An investigation of the effect of decreasing the gage
length of specimens below 1 inch. is reported. The results
indicate that there is no major sffoct until the ratio of T
gage lenghkh to diameter is reduced to ‘wnity. c o=

————— C——
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I. STATEMENT OF THE PROBLEH

In a strict seonge, impact testipg refers to a study
of the behavior of materials under the application of =
suddenly sapplied load, or to a study of the rapid deforma-
tion of matefiamls. Heretofore, the term "impact testing'
has been most closely assoclated with those tests ia which
a notched specimen in bending was used. Thls, howsver, is
more properly referred to as notched bar testing. There
are, 1in geuneral, three types of impact tests; that 1s,
notched bar testing, torsion impact testing, and tension
impact testling. _ . : -

The notched bar tests have been found to be unseful in
the study of the susceptibility of materials to embrittle-
ment by the presence of a notch. At the present timo, 1t
has beenr employed in s qualitative msnner slinceo it has not
been possible to correlate the results in a quantitative
manner with other testws ovr experiencs.

Torsion testing has been used mogt widely for the in-
‘vestigatlion of tool steels. Here, agaln, this teet does
not lend itself to quantitative analyslise which can be di-
rectly applied to current practices.

The tension impsct test involves the application of a
load to a specimen such that it 1s pulled apart in ten-
sion. Many of the significant mechanical properties of a
material are expressed in terms of the tensile and shear
propertier obtalned from a tension test. In view of these
circumstances, it may be logical to believe that more fun-
damental informatlion pertaining to the behavior of ongil-
neering materials under different rates of daformation
can be obtalned by tonslon ilmpact testing. Howover, 1t le
of littleo availl to Jjudge the influencc of the rato of- de-
formation and tho proportiecs of material from the valuoc of
the total amount of energy requiresd to produce failurc at
a glvon rato of deformation, The problem 1s, thon, to do-
vise somo means by which the stross-strain charactoristics
of. any matorial may be rocorded for diffcrent ratos of do-
formation and to investigate tho stress-sitraln-charactor-
istlics of several -difforont materials =t difforanﬁ r%toa
of deoeformation. :

Many structural parts are subJject to a high rate of
straln and theilr performancoc undor theso conditions may bo
quite difforent from thoss under static conditions. Thoro-
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fors, it 1s desirable to have sone method of testing br
which the influence of rate of deformation on properties

of these materials nay beo determined prier to their appli-
catlon In a working structure. It was, therefore, tho
purpose of this investigation to deternine the influenco

of rates of doformation on tho tensile propertles of sone
alrcraft metals and alloysg and some other common engineocr-
ing metals and alloys. This report will describe tho

oquipmont, testing procodure, and tho results of this in-
vestligation, . : T

Tho roport covers the effect of impact velocity on
specimens subject to simples tension. The major portion
of the rosults 1s gilivaen for l-inech-gage length spocimens,
although the cffoct of smaller gagoc longths on the dynanic
tonsilc charactoristice for one material is included. The
offeet of other variables or a combination of variadles,
suck as notches of different forms, btomporature, and con-
binocd stro®ses taken togethor with ilmpact velocity, 1s

probably highly significant 1n practlcal applications.

The data given in this report should not be usod as a ba-
sis for the adoption or exclusion of matorials for applica-
tion 1in parts subJoct to dynamic loading.

IT, Z=ZQUIPMENT

A, IWPACT HACHINE

Ono of the most satisfrctory nethods of obtalning kigh
impact volocity is by the use of a roterting disk, which can
be mado to possces sufficient enorgy so thet thoe amount of
cnorzgy absorbed in broasking a spocimon 1s extremely smAll
comparcd with the enorgy of tho disk. In viow of this ro-
quiroment, 2 750-horsepower hydraulic impulso turbins with
an oxclbter gonerator was obtalined om loan from the Southorn
California Edigon Company. Tho wntor-wheel bucksts woro
romoved and the machine with suitnble electric wiring for
operation, =2ither as a varlable speed motor or generator,
was installed in a pit below the floor level, (See fig. 1, )

The disk A has a diameter of 44 inches, turans on a
horizontal shaft and, together with shaft and rotor, weighs
approxinately 2000 pounds. Suitable striking Jjaws B and
counterwelght ¢ are connected firmly to the peripherv of
the wheel as shown in figures 1 and 2. .
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The normal operating spoed of this machine g 750 rpn
with a corresponding peripheral velocity of 150 feot por
second. With-a machine of $this typo, s romsonable over-
spead for short dintervals 1s permissible and iapact veloc~
ities as high =28 200 or, possibly, 250 feet per sscond Zay
be obtained., Due to the inertia of the rotating nass, and
because of the relatively snall anount of energy requlred
to ‘rupture the specimens in tenslon inpact, the velocity
of the whoel 1s effectivoly constant during ‘fracture at
any oporating speed.

Eloctrical connections to tho machino are arrangod so
that tho disk can bé'stonped fron any oporating spood with-
"in 20 goconds by oporating the machinc as a goenorabtor and
dissipating ‘tho eloctrical onorgy through a sultable ro-
sistance. The oporation of the naschine 1s. controlled fron

the panel shown at D in figure 3.

Tho'force-moasuring unit or dynanmomotor (E in fig, 4),

into which the specizoen screws, ls firaly anchored at the
end of a 7l15-pound anvil P nachined from a 9- by 9- by
"43-inch billet of stesl, shown in figures 2 and 4. This
anvil is bolted rigidly to a base (G, fig. 4) which slides
horigzontally on finished ways under the action of a goar
crank and rack shown at H in figures 2 and 4. Thus,

for tho purpose of replacing specinmens, the specinen heldor
i1s noved back froz: its usual operating position tangent to
the undor side of the disk, as shown in figura 5. One cnad
of the spocinon scrows into tho ond of the holdor, shown

at I 1in figuros B and 6, and on ths othor ond of the
spécinon 1s scrdwed a tép (M in figs. B and 8) consisting
of a plece of gteél 1 inch square sand 1/2 inch thick. The
"gpecinen is held firmly in the horizontal poslition, tangent
‘to the under edege of the wheel in such a manner that the _
- Jaws of the disk under nornal rotation clear the specinen

" and ‘tup by a a: all amount (Bee f1g. 6.)

After bringing the wheel up to any deslired speed, as
shown by the speod indicator, at N on the contrel panol
(fig. 3), a trigger mechanlsen 1s”operétad'by'a solenold
(0 in fig.57) synchronized with the disk rotation. In-
stantanecous tripping of the trigger 1s amcconplished by &
thyratron circuit. This trigger P roleascs a torsionsl
. spring which raises a flat yoko (Q,- figs. 4 and 6) bohind
the tup into the path of tho striking Jjaws. Thilg yoke cn-
gages- both tho.tup and striking jaws. after which tho
spoelnien 1g pulled off in tonsion, One ond of tho gpeci-

—
- d

-
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men, together with tup and yoke, flies off tangont to the
wheel and is deposited in a contalner full of cotton waste

at B (fig. 7). .

B. DINAMOMETER

The force-measuring device or dynamometer, shown at &
in figures 4 and 5, consists of a hollow eylindrical bar of
SLE 4130 steel 15/16 inch in outer diameter and 7/8 inch
over=all length. It 1s threaded internally at the open end
with 20 threads per inch into which one end of the specimen
is screwed. The other end of the dynamometer fastens rigld-
ly in%o the anvil ¥. The straln-gage winding 1s laid lon-
gitudinally along the outer surface of this c¢ylinder and
consists of approximately 30 fest of number 40 constantan
wire formed into a mat in zigzag fashion, coated with
glyptal as an insulating binder, and baked at 350° F. For
purposes of protection, the wire is covered with scotch
tape as shown at S (fig. 6). The constantan winding is

referred to as the pigkup resistor. -

The lecads from this pickup are connected to the elesc~
triecal circult shown in figure 9. This clrcuit conslsts
of a 140-volt battery, A series resistor placed in series
with the pickup, and n calibration resistor for purpvses
of calibrabting the force measurements of tho dynamomstor

~as discussed later. . The resistance of the serios resistor

is made very high compared to any change in ths pickun re-
sistor during impact, so that a constant current of ap- '
proximately 100 milliamperes is maintained in the circuit.

When the tension impact forco acts on the spocimen,
it is transuitted through the specimen to the dynamometer
which elongates elastically in proportion to this foree,
according %o Hooke's law. The wire covering the dynamom-
eter bar followe this increase in length, changing its ro-
sistance in a linesr manner proportionate to the force
acting., The change in resistancc varlies linearly with the
load over a range of forces excecding that used in any of
the tension tests. Typilcal calibration data arc given in

table I, With high-strength steel specimens, 6000 pounds

1s ordinarily the maximum force which will occur. 3y neas-
uring the change in voltage produced by this change in re-
sistance of the pickup circuit, forces can be detormincd

as lndicatod later. :

The linear relation between the impact forces and the
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dynamometer deformation is valid as long ag the period of
the natural vibration of the dynamometer bar 1s short corm-
pared with the dursation of impact. The natural frequency
of the dynamometer used 1n this work is 35,000 cycles per
second, which gives a time for a half-period of 1/70000
geceond., Thie is practically the upper limit of frequency
for this type of dynamometer bar, .since further shorten-
ing of the bar 1ls impragtical. The natural freguency is
determined by striking the end of the dynamometer and cpn-
paring: the vibration set up on an oscillograph screen vwith
a wave of knowh frequency, With this dynamometer, roli-
able force time records are available up to impact spocds
of 200 feet per socond.

C. RECORDING APPARATUS

The voltage changes in the circuilt produced by the
clastic deformation of the dynamorioter are amplificd by a
two-stage alternating-current amplifier. From tho amplil-
fier, the signal igs sent to an RCA TM-168-~A cathodo-ray
osclillograph shown -2t J 1n figuro 3. The connections
are made such sthat .the voltage  -changes will produce a vor-
tical deflection of the electron beam. The .schnle for the
vertical deflection in terms of reslstance . (ohme per in.)
i1s determined by suddenly changing the reeistanca of tho

dynamometor circuit a known amount. For this purpose a
ealibration resisbor, shown in figure 9, 1s used to pro-
duce a force calibration curve aftcer .cach test. This

change in resistance corresponds to a -known force acting
upon the dynamometer as dotarminod by a statle callbra-
tion of the typo ghown 1n tadble I.

The clrcuilt of the oscillograph 1s arranged so that a
single horlzontal sweep of the electron beam can be ob-
tained at any deeglired speed. The swesp speed 1s deter-
mined by connecting a known frequeney to the osclllograph
and producing a broken timing line across the screen af-
ter each test.

The force~time curve traced by the beam on the screocn
of -the oscillograph is recorded photographlcally with the
camers -shown at T in figure 3. The camcra 1s equipped
with a Zelses Biotar F:l1.4 lens.

The horizontal single sweep of the oscillograph is
started across the scresn slightly in advance of the im-
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pact of the Jaws on the tup by means of a small firing

pin projecting beyond the front surface of the yoke.

Thig pin is insulated from the yoke and connected through
the wire, shown at U (fig. 7), to a condenser in the
control panel shown at V in figure 3. . The other side of
the condenser -1s connected %o ground. When the Jaws of
the disk strike the end of the pin the condenser is dis-
charged,. thereby starting the sweep of the elsctrorn beanm,
An ‘instant later the hagmmers strike the tup producing a

forco-time diagram in the center of the oscillograph screen,

TABLE I

. TYPICAL PICKUP CALIBRATION DATA

Total load Total resistance : Resisbtance change
(xb) - (ohms) (ohns)
0 g 848.080 AR,
2,000 : 848,510 9'§§2
4,000 ) 848.944- .446
6,000 . 849,390 .458
. 8,000 849,848 ’412
10,000 - : 850.26C .428
10,000 850.250 ';42
8,000 X 849,808 .438
6,000 . .849.3701 '435
" 4,000 .. B49.935 '425
2,000 848.510 '417

0 .. 848.083° *

Up %0 12,000 pounds and.back to mero ldéd; és fast as pos=—~
sible (within 10 ssc), glves: .

o . - .. .848.098 . ... .-
: 12 000, ‘held for 10 minutes. R

850.724 ohms,, with n6 visible change.

6000, hel& 10° minutes 849 410 ohms, with no visihle change.

o © 7 848.080. _ R

Results: Avérage resistance change: 2.189 bhms §ér 10,000
pounds, oOr 4585'pbunﬁs forece per ohﬁachaﬁée'in
registancs.
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D, .EXTENSOMETER

The record obtained from the oscillograph screen is
essentially a force-time diagram with the ordinate pro—
portional to force and the abscissa proportional to time.
The constancy of wheel veloclty during the impact was
checked by means of a special extensometer, This extenson-
eter provides a means by which units of elongation can. be
edded to.the force-time dlagram dilscussed above,

Phe essential parts of the sxtensometer are shown in
figure 8, I% consists of a small eylinder 1/4 inch in
diameter and 1 inch long, mounted on the end of the dyna-
mometer parallel to and above the specimen gage length as
shown 1n figures 5 and 6. Thig oylinder consists of 115
alternate layers of 0,009-inch celluloid and 0,00l-inch
sluminum foil pressed onto a central steel shaft in such
a manner that the aluminum disks make electrical contact
with the central shaft. The outer surface of the cylin-
der is turned smooth in a lathe. A narrow ridbon of clock-
spring steel, carrying a needle point at one end, is fas-
tened firmly to the tup prior to fracture of the speclmen.
This ribbon is held along an element of the cylinder by an
elastic rubber tube. Figure 8 shows the parts which are
assombled and placed as in figure 5. As the tup is drawn
forward during deformation of a specimen, the noedle point
scratches the surface of the cylinder, alternately making
and breaking an electric clrcuit\after every 0.010 inch
of elongation. This produces successive modulations on
the force~time dlagram corresponding to deformation units
of 0.010 inch, BSuch modulations are shown in filgure 10
for aluminum broken at 20 feset per second. '

Investligation of these and similar diagrams indicate
that the velocity of the wheel during impact 1s essential-
ly constant since esqual units of elongation are marked outb
at equal time 1ntervals. In addition, elomgation measure-
ments obbtained with the extensometer check gufficlently
close with those based on the assumption that the rate of .
deformation during fracture is constant and ‘equial to the
veloclty of the Jjaws. Consequently, this extensometer de-
vice is used only occaslonally as a check on the operation ¥
of the dynamomebter-osc¢illograph unit,

Table II shows a few typical valués-df'elongation
measured from specimens and compared wlth corresponding
valueg recorded from the photographed curve. The time re-
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quired for fracture 1s glso gilven, It is interssting to
point out that with 20-percent elongation or 2/10-inch de~
formation up to fracture, the time required to fracture
at 150 feet per second is 0,00011 second or 1/9000 secound.

Also, 150 feet per second correspofids to an elongation of
180,000 percent per second.

TABLE II

ELONGATION-TIME RESULTS

Moagured|Elongza- |Tine for
. olonga~] %ion frac-
. tion taken ture
Spacimen Valocity . from
curves ;
(£t /sec)| (in.) (in.) {secc)
Cold-drawn steel No. 8 10 0.150 0.15 (0.00125
Cold-drawn sbtecl No, 17 10 .LB87 .155 . 00130
Cold-drawn steel ¥o. 10 30 .185 L165] .00049
Cold-drawn stecel N¥o. 186 50 +145 .15 .00025
Cold-drawn steel No. 1 75 .130 .12 .00013
Brass ¥No, 1 20 .250 .24 ,00104
178~T durslumin 20 .250 .245] .00104

E-

In gonoral,

ANALYSIS OF TEST RECORDS

ths method of analyzing the forco-tlne
diagramg or, more specifically,

time diagrams of the type shown in figure 1l is sinply by

the method indicated in figure 12 and tadle III,
analysis of a force-time curve for a specimen of 175-T
duralumin broken at 5Ll feet per second is taken as an oX-

anple,

the change 1in resistance-

The

Typical photographs of the force-time curves, as

photographed on the oscillograph screen, ars shown in

figure 11,

The records are photosraphically enlarbed and
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traced at a sultable sige by drawing a mean line through
the vibratlions of the diagram, after which the force-time
and elongation scales are determined. Successgive force
measuremsents and corresponding slongations are recordsd

in euitable unlte and the aresas under the curves measured
with a planimseter. Knowing the initial cross~secchional
area and length of casch spsclmon, stress-straian values

are compubted and the curve plotted. The cenergy roquirod

to rupturc the specimen is obtained dirsctly from the aroca
of the forco-clongation curve. For purpoges of comparigon,
static tosts were made with ocach msitorial asnd corrssponding
data woere obtained. Statlc tests were mgde by applying
loads to the specimen in small increments and waiting for
equilibrium conditions to be establisared before applylng
the next increment.

TABLE III

COMPLETE ANALYSIS OF STRESS-SPRAIN CURVE OF FIGURE 13

175-T durelumin - Original seetionsl aread 135 sq in,
Specimen: 5 Percent elongation: £5.3

Film holder: 4 ' Percent reduction of area: 49.5
Timing wave: 10 kt

Time of breaki 0.,000416 sea Planimeter roading: 1.9W

Velocity: 50.5 £t/sec Planimeter constant: 1.113

Area of diagram: 2,160 sg in.

Force secgle: 1 in. =3670 1b Energy of rupture: U41.9 ft=1b

Elongation scale: 1 in.=0.0727 £t Yield stress: 59,400 1b/sq in.

Energy scale: 1 sq in.=19.4 ft-1b Ultimate stross: 71,300 1b/sq in.
Breaking stresst 51,000 1b/sq in.

Elongation Force units - Forco Stroas
(in./in.) (50ths of an inch) (1v) (1b/sq in.)
0.001 35 1870 59,400
002 "33 1750 56,000
. 004 38 2030 64,500
. 007 ho . ' 2135 68,000
012 oL Y2 T 2240 71,300
L016 . 40 : 2135 58,000
.022 - 37 1975 62,700
024 33 1760 56,000
.025 30 1600 51,000
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ITI. TESTS ON 1-.INCH-GAGE LENGTH SPECIMENS

A, HMATERIALS TESTED

Using the procedures outlined above, twenty-one differ-
ont cngincering metals and alloys were prepared and broken
in tonsion impact. These specimens were machined from
1/2-inch-diameter rod. They aro threaded at each end and
have a cylindrical gage length of 1,00 inch * 0,005 inch
and a gage diasmeter of 0,200 inch * 0,001 inch, as shown
in figzure 13, The naterials tested are listed below:

1, Lizht alloys ' —

a. Alusninum (28), condition unknown (estimated 3 E) = __
b. 17S-T gluminun alloy,
nominal anglysis ~ 4.0 percent Cu, 0.5 percent -
Mn, 0.5 percent Mg, balance Al
c. 245-T gluminum alloy,
nominal analysis - 4.5 percent Cu, 0.6 psrcent
Mn, 1.5 percent Mg, balance Al
d. Dowmetal J magnesiun alloy (extruded,
nominal analysls - 6.5 percent AL, 0.2 percent
Mn, 0.7 percent Zn, balance Mg o
e. Downetal Y magnesiunr alloy (extruded), -
nominal analysis - 1,30 percent Mn, 0.3 percent
51, talance lg - : _
f. Dowmetal X (extruded), o
nominal analysis ~ 3 percent Al, 0.2 percent Mn,
3 percent Zn, balance Mg : -

. rJh

2. Coppsr alloys

a. GCopper (pure), condition unknown -

b. Machinery brass, condition unknown

c. BSilicon bronze (cold-drawn Herculoy No. 418 rod),
noninal analysis -~ 96.25 percent Cu, 3. 25 per-~
cent 81, 0.50 percent Sn

3. Steels

a. SAE 1112 free cutting steel ~ cold drawn
b. SAE 1020 hot-rolled stesl o
c., SAE 1035 steel - annealed 1550° . _

d. SAE X4130 steel .
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3, " Steels (continued)
4. BSAE X4130 gteel (continued)

1. Annealed 1575° F
2. Quenched in oil from 1575° F, tempored.

at 1000° F

3. Quenched in oi1l from 1675° F, tempered
at 800° F .

4. Quenched in o0il fron 15750 P, tempered
‘at 600° ¥ o

e. SAE 6140 steel quenched in oil from 1575 r,
tempered at 1020° ¥

4, Staizilegs gteel

ae 16-percent-chromium -~ 2—pgrcent nickel M 286,
oil—quenched'from i800" ¥

1. Tempered at- 1200° ¥
2. Tompersd at 900° 7
3. Tempered at 700° F

b, 1l8-percent chromium -~ 8-percont nickel stainless
steel, type 303 ag recoeivoed

B. TEST DATA AND RESULTS -

Representative values of yleld stress, breaking stress,
ultimate stress are recorded in tables IV to XXIV for each
material at various rates of deformgtion. Likewlse, the
percont elongation, reduction-of area and energy requlred
o rupture the specimen are recorded., Stress+straln dia-
grams -are giveén-at three velocities for each material in
figures 15 $6 35, inclusive. <Curves showing the variation
of the physical propertied with rate of deformation ares .
shown in flgures 36 to0 56, 1inclusive. The ratio of dynamic
to static yield point, ultimate strength and energy arc plot-
ted as a function of velocity in figures 57 to 59, lnclu-
sivo.

1. Light alloys '~ S - -

a. Alpminum,.~ The ultimate strongth of aluminunm
incrocasos slightly with an incroasing rate of doformation.
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The elongation and reduction. of. area increase appreciably

with increasing velocity. -1t i1s also to be noted that the

energy reguirmed for fallure increases from about 6 foat-

pounds in the statilc test to about 11 or 12 foot-pounds at

a veloclty of 20 fset per second. . _ . - —

b. 17S-T aluminum glloy.- The ultimate strength,
elongation, and reduction of area of this alloy increase ~
slightly with velocity. It is evident that this material
is not greatly affected by veloclties in the range used in
these tests and with this particular shape of speclmen.

c. 248-T sluminum alloy,- As in the case of 178-T,
the ultimate strength, elongation, and reduction of ares
increase with velocity. However, the increase of ultimate
strongth 1s somewhat greater for 245~-T than for 175-T and
about the same as that of aluminum. This data indlcates
that 245-T alloy is less velocity-sonsitive than 175-T,. o

d. Dowmetal J, magnesium aglloy,-.The ultimate
strongth of this material is adversely affected by in-
creasing velocity as shown by a decroease of from 44,000
to about 39,000 pounds per square inch at 10 feet per sec-
ond. The reduction of area increases from about 27 per-
cent statically to about 38 psrcent at 10 feet _per sactud,
The clongation inecrcases from about 16 percent to about
20 porcent. -

Se DowmetalfMl magnegium alloy. - There {s an ap--
preciable increase of ultimate strength from approximataly
35,000 pounds per square inch statically to about 50, 000
pounds per square inch at 10 feet per second with this al-
loy. The reduction of area and elongatlon decrease very
" markedly with increased velocity. The reduction of area
decreased from about 25 percent to about 6 or 7 percent. at
10 feet per second. The elongafion of about 17 percent -
statically is reduced to a minimum of about 5 or 6 peércent N
with increasing velocity. These effects occur below a Ve-
locity of 15 feet per second. As a result of the marked
decrease in elongation, the energy required to rupture the
material decreases in about the same manner, that is, from
a value of about 14 foot-pounds to about 5 or 6 foob-
pounds. One may conclude definitely that this material is -
velocity~sensitive. ’

f. Dowmetgl X, magnesium alloy.- Dowmetal X does
not seem to show any marked differences in tensile prop-
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ertios as the rate of deformation.is increased. The ro-

silts indicate a slight increass of . the reduction of area

and percent elongation with increasing velocity, but one’ ' $
should not attach %too much significange to this, in view

of the gpread of the data.. .. L

2. Gopver allovg

: as,: Copger.- The ultimate stren th of copper in~
creases from aboub 45, OOO to.adout 50, OOO pounds per square
inch with increasing velocity.' The reduction of area and
elongation likewise increase, although the 1ncrease of re- -
duction of area seens to be. proportiantelv greater than
the increase of elongation. Under the conditions of these
-tests, coppsr does not seem to be velocity—sensitive

.be. . Brass. - The change ‘of ten&ile properties of
brass with velocity seems to follow the same tendoncy
found wlth copper; however, .the 1lncreass of energy ab-
sorbed by ‘the alloy is greater than the—increaeo shown bJ
pure.copper.

€. 'Silicon-bronge.- Here, azgaln, the teansion
characteristics seem to vary im ahout the game way as with r
pure copper, that ig, - increase of’ ultlmate strength re-

duction of area, elongation and energzy with increasing ve-
loclity. At first, the ianfluonce of velocity beeme to be

somowhat greater in the silicon-bronze than ln pure copper,
although this tendency is roduced ab higher volocities.

3. Stoelg

' 8. - SAE 1112 freo—cutting stoel, cold drawn, - The
ylield stress of this matqrial increaqgs,from_gﬂ 000 to
130,000 pounds per square inch with riee 1in rate of deforma-
tion from static to 20 feet per second. The energy requlred
to Pupture rises from 26 to 45 foot-pounds in the same range.
In this material the yield stress was always higher than the
ultimate strength except in the static test. “

b. SAE 1020 .hot-rolléd st66l.~ The most effective
influence” of velocity on the properties of this steel oc-
curs ia the ultimate strength which 1lncreases from avout
65,000 to about 80,000 pounds per sqbare inch,” The resduc-
'tion of area remains approximately,. constant throughout the
velocity rahge while -the- perceént: olongation is decreased
glightly. Here, again, is a relatively ductile material < -
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and it is ‘te be noted that the vyield point in the low-
velocity range increases very markedly. :

c. SLE 1035 steel*fullv annealed .- This steel
shows a marked increase of yield strees from 47,000 to
92,000 pounds per square inch., The ultimate strength lne
creases from 75,000 to 100,000 pounds per sguare inch.

The energy rises from 49 to 62 foot-pounds. These.in-~
creases occur within a change 1n rate of deformation from
static to 20 feet per second, A&t higher rates of defor-
mation, thoe yiocld stress rises to 125,000 pounds per square
inch at 140 feet per second, while the ultimate strength
"rises to a maximum of 115,000 pounds per square inch at 90
feet per second and then gradually decreases. The energy
increases to about 78 foot-pounds at 140 feet per second,
The reductien of area and percent elongation de not change
appreciebly with increasing velocity.

d, BSAE X4130 steel,.,- This. alloy steel is em-
ploysd- exteneively in the aircrafi industry for many pulTw
poses, Specimens were guenched from’ 1575°% P into oil,
some were tempered at 600° and 800° P, and others at 1000°

Another group of specimens was annealed ab 1575° F.
The specimens tempered at 600° ana 800° F show & decrease
of ultimate strength with ' inorease of welosity, while
those tempered at 10009 F ahd the annealed specimens show
no appreciable change of ultimate strength with increasing
velocity, The ultimate strength of the ‘specimens tempered
at 800° F decreases more sharply than those tempered at
800°.F, The so-called yield point of the specimene tenw
poered at 600° and 800 P decreasgos with incereasing veloc~
ity. This, coupled with the decrease "of ultimate strength,
. is indicative of the poorer dynamic gropertiee_cf thls ma-
“terial when tempered at 800° and 800° F than when temgered

at 1000° F, The specimens that were tompered at 1000
show very little change of tensile properties with velooc-
ity., There seenms 0 be a.slight increase of energy ab-
sorbed. The annealed specimens show an inorease 6f ulti-
mate strength wlth lnerseasing velccity. The other proper-
ties do not seem to be greatly affected. In the lower ve-
locity range, the yield point of the annealed specimens
increages very rapldly with increasing veloecity, which 1s
opposlts to that found in the quenched and tempered speci—
nens,

S, SAE 6140 stee venched and mpered at 102
F,» This steel does not show any appreciable change of ule
tinate strength with increasing velocity. .The reduction
of area and percent elengation tend to increase slightly.
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There is an apprecilable increase of the energy absorbed
with increasing velocity. It is to be noted thet in this
naterial which has been tempered 2t a relatively high
temperature, the yleld point in the low-velocity range
tends to increase as it does 1in the case of the SAE X4130
steel, tempered at 1000° F,

4, Stainless steel _ T . L

a. lB-percent chrgmium.-z-nercent nickel.~ Spec-
imens of l6-percent-chromium ~ 2-percent-nickel stainless
steel, oil- quenched from 18009 ¥, were tempered at temper~
atures of 1200°, 900°, and 700° F. Owing to the few 8peC~-
imens available, thesge resulits are considersd 1landicativs
only, though they are quite interesting. Values of par-
cent elongation and reduction of area are almost identical
for all three materlals and -remain constant over the vecloc-
1ty range; the stroeses and absorbed energy, however, be-
have. quite differently, There 1s moderate improvement in
propsrties of the aslloy tempered at 1200° F, with rapilad
loading up to 80 fest per second, with the absorbed ensrgy
rising from B8 to 96 foot-pounds. The material tempered
at 900° F shows a decrease in ultimate strength, yileld,
and energy, wlth increasing speed up to 45 feet per second;
but 1t is noted that the minimum values are not appreci--
ably lower than the minimum values of the material tom-
pered at 1200° F., The ultimate strength, yleld strength,
and energy values of the material drawn at 700° P do not
change much up to’'speeds of 40 feet per second, after which
the values increaso approeciably. -This might secem to ilndil-
cate that the dynamic tensile properties o0f thls stecl are
reasonably satlsfactory for any of these heat troatmonts,
Lower Igod impact values for the matoerial tcmpered at 900°
F have indicated a groater notch sensitivity than other
heat troatments, but its dynamic tensilo properties Are
qulite goad, though not as high ag for the specimons tem-
perod at 700° F. It may be notod that the curves for. ma-
terialeg of hlgher tempering tomporature appsar to be of
the sane genceral shapo as those of the lowest teupering
tompoerature, dbut are displaced along the voloclty axis.

b. 18-porcoent chromium, 8-porcent nickel .- This
. material shows an appreciable decroase of reduction of
area and elongation with increasing velocity and a gredual
upward trond of ultimate strength. Here, again, it 1is %o
be noted that in the low-velocity range the yield point
shows a marked. increaso with increasse in velocisy. In tho
low-volocity range, tho energy dccrcasos markedly, but in
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the highor wvelocity range, tho energy is about tho samo as
under static conditions. ' T - —

C. TEST GONCLUSIONS AND SUMMARY

In oxamining tho results of- these tests, 1% is %o Do
notod that thore are no definite indications of the ex-
l'stonce of a critical wolocity. for any of the materials
invostigated. If onoc examines tho. data in %tadbles IV to
XXIV, it will bPe noted that in most materlals a large nun-
ber of the specimens oxhibited two reduced scctlions -~ ono
at whieh fallure occurred near onec ond of the- gage lenghh
and onc at the other end of the gmgo lcngth, as shown in
figurc 14. Such specimens are designated as having a
double neck., This phenomecnoh has been observed before,

but its cause has not beem explained.

From the present 'investigation, 1t is apparent that
the length of the specimen has a marked effect upon the
results. If one considers the double-neck phenomenon from
the standpoint of wave propagation, a more intelligent ex-
planation of the behavior of these specimens megy be ob-
tained. The elastic wave 1s propagated at the velocity of
sourd in the material which is extremely higk. Therefore,
many reflections of the elastiec wave may occur during the
time involved from section discontinuities such as at the
ends of the gage length. Furthermore, there is some evi-
dence that the plastic strain is prcpaaatcd at a much
lower rate than the elastic strain. Prom this apalysis, . N
one may expect that the stress througzhout the specimen may
‘'not be uniform at any specificd instant. The stress dis-
tribution will depend upon the gage léngth and the appliled
velocity: "Under certain conditions, maximung {in the defor-
mation pattern may occur at two points along the specimen,
resulting in a double neck. The short specimen employed
in these tests undoubtedly:influchces the roesults. Longor
spocinens would probably yiold more fundamen¥al information
about the behavior of the material when subjected to sud-
denly applied loads. "The ‘results reported are  true for the
shape of gpsclmen emploved in this particular velocIF?‘ '
range . - R

The values of yield poin% reported are probably mest
reliable in the range of velocities below about 20 feet
per second. At righer velocities, the oversnooting effect
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becomes mqre pronounced and, therefpie, the values reported
for yield poifit may bs rightfully questioned. It scems to
be significant, however, that in some materials the yilold
point decrecases, while in others the yleld point increascs
wlth incroasing velocities.

In the light alloys, Dowmetal M is most affected by
velocity. The other light alloys investigated do not suf-
fer appreciable losses of ductllity. The copper alloys
seem to perform quite satisfactorily with increasing veloc-
ity. The SAE X4130 steel tempered at 1600° F appears to
be less affected by an increasing rate of deformation than
any other treatment employed. The results of the test on
the SAE 6140 tempered at 1000° F indicate that there is no
marked effect of velocity on the dynamic propertiss.

The results of the tests on 1l8-percent chromium, 8-
percent nickel stainless steel are in general accord with
the experience of those who have bPeen concerned with cold-
forming properties of this alloy. With increasing veloc-
ity, the reduction of area and percent elongation decreass,
while the yield point and ultimate strength increase. A%t
higher velocities, these results are somewhat complicated
by the stress reflections referred to above. With this
size of specimen, there doos not seem to be any marked
change in the ductllity of the 1l8-percent chromium, 8-
percont nickel stainless steel above approximately 20 feoet
per sgcond.

The results of this investigation are in general
agreement with other investigators such as Nadal and
Man joine {(reference 1), de Forest, i{acGregor, and Anderson
(reference 2), and Parker and Perguson (referencs 3) with
respect to trends for similar materials. Ths differences
in absolute values may be attributed to differences in spec-
imen, composition and structural condition of materlal,
and testing equipment. Hany authors have employed the term
"strain rate' as a basis for reporting impact velocity.
The curves in this report give both impact velocity and
rate of deformation. Since the strain rate is not unifornm
along the specimen during a test, it would seem that the
use of thls term should be discouraged. It 1s probadle
that the actual velocity of the moving end of the spocimen
is a controlling factor in this type of work.

No definite critical velocity has been found in thesc
tests such as reported by H. C. Mann (refersnce 4). The
effoet of velocity on the elongation of the annealed
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SLE 1035 stcel given .in this report .coincides reasonably
woll with thst of Mann, but the decrease of energy ob-

" served by him is not found in the present investigation;

nor have tho other invest*gators reforred to baan able to
observe thig econdition.

IVv. EFPFECT OF GAGE LENGTH

A series of tests was conducted for the purposs of

stuﬁylng the effect 'of zage length on dynamlce tensgile char-

actoristics. For these tests, a cold-rollsd steel was em-
ployod. The 'over-all langth of the spoeclmons was the sano
as that used for standard tests, namely, 2-3/16 inchos.
Tho gago dlamoter of the spscimon was malntalnod at 0.20

inch, whilc the gago longth was varied from 1 inech down to

0.025 inch. 4An attompt was madc to maintain a fillet radi-

us of 1/32 inch on spocimons with a gage of more than 0.1

inch, With shorter gage longths, the radius was negligi-

ble. The rosults of these tests have bsen plotted in fig-
ures 60-%0 63, inclusive,

?iguro 60 shows tho rela%ion of ultimato strongth to
tho gago length as detcrninod at velocities botweon O and
125 foot pcr socond. Thero 1e no markod increaso of uvulti-
nato strongth ,of this naterial until the gago 1ength is
reducod to 0.2 ipch, which eorresponds to. a 1/d ratls of
unity. Decroasing. tho gage length. bayond this valuo of~
fects an increasc. of ultimato strongth, foilowsd by a
rathor prdnounceod docroase when the gage longth 1s less
than 0,05 inch. -~ i

The change of porccnt clongation with gage longth 1s
shown in figureo 61. It is intoresting ﬁo noto that tkhe
porcontago elongatlbn increasos with docroasing notech

" longth until a valuo of 0.2 inch 1s roachcd. With further

deercasc in gago length, tho percont elongation decroases
to & ainisum at a gzago leangth of about 0.075 ‘inch, and
then incrcases narkedly.

Figure 62 shows tho effect of gaze length on the re-
duction of arca. Horc, sgain, there 1s no marked chango

until tho gago lcength is about 0.20 inch, although there 1is

an tondonecy for the reduction of arca to docrcasec whon the
gazc lonzth is Dolow & valuo of aboubt G.40 inch.

Tho variation of cnorgy por unit volume is plottod
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agalnat gage length in figure 63, This shows a gradual in-
creese in ‘snergy down to a gage length of 0.20 inch, . With.
smaller gage length, the snergy per unlt volunme incroases .
markedly. In general, a gage length. of 0+ 2 1nch (l/d = l)

soeme to be a critical length, . =

CONCLUSIONS - ' T

Tho results given in this report indicecate the rela-
"tive velocity sensitivity ‘of - soveral engindering metals
and alloys which aré usdd directly or indirectly in tho
field of 4dircrsft Production. In considoring the data, 1t
is important to reocognize that tho results establish the
propcértios of theso matorials at differcnt rates of dofor-
mation for this particular size and shape of gpicimen.
The prOSonca of double nocking indicates that sorious stress
reflactions oceur which definltely affect the results. It
1 t0o ho-oxpscicd that longer specimens would give somewhat
different data: : - .

In goneral, the rosults of this investigation indicato —

that for some materiasls a stress . considerably above the

static yibl& point can bo appliod'for s vory-short duration ’
without marked deforihtlon. "This could *he-stated in an-
othor way by saying thsf:at hHighor ratgos-ef.dsformatlon the
yicld" point 1s incroascd. in.some materials. All matorials
excopt Dowmetal ‘¥ and I8-percent chromium - .8-porgent. nickel
stainloss’ stdel, Bhowed little.change in percent elongation
with"increéeasing rate of . defornation.. - Dowmetal M. is vary .
sensitive to velocity. :

It is apparent that the effect- of decreasing the gage
length bélow 1 inech is only slight, provided tho ratlo of
longth vo dlameter:is not below 1, ' The variatiom of prop-
ertics with rate of deformation scems %o -remain approxi-
matoly tho same ‘for difforant gage lengths below 1 lach.
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TABLE IV -~ ALUMINUM

Reduc-— Spec~
Velocity Yield Ultimate Break Energy | tion (Elonga~{imen
of tion |npum-
' . area ber
(ft/sec) [(1b/sq in.) | (1b/sq in.)|(1b/sq in.)| (£t~1b) % . %
Static 20,000 20,000 10,000 7.17 1 70.8 | 13.7 20
Static 20,000 20,000 7,000 5.86 | 68.7 | 15.9 21
15 16,800 21,500 12,000 10.2 76.0 ! 21.6 2
15 17,100 20,500 10,300 10.4 7.0 | 22.7 3
35 21,200 22,400 11,200 9.8 78.8 | 23.6 6 *ow
35 13,400 20,700 9,700 11.8 77.4 | 28.2 g DN
35 17,600 23,400 10,500 11.1 79.8 | 24.0 ko
60 15,200 22,800 11,400 11.7 m— e 7 DH
60 25,600 28,200 11,500 11.0 —— | e g DN
60 26,500 26,500 15,100 10.3 8L.1 | 25.3 9 ¥
90 28,300 23,200 18,000 13.72 | === | e 12 DN
90 25,700 20,600 15,400 8.6 81.9 | 24.9 11 DN
90 28,700 22,800 17,000 12.5 83.2 | 31.2 10 DN
120 29,300 23,900 16,000 10.6 81,5 | 23.2 1 DN
120 32,400 22,100 15,200 11.3 82,4 | 25.2 1 oy
120 25,300 20,000 13,300 9.6 82.8 | 2L4.6 13 IN
150 31,400 25,600 14,000 13.1 83.8 | 24.6 17 DN
150 27,900 20,700 11,600 11.9 83.2 | 28.0 16 DN

TABLE V -~ 178-T ALUMINUM ALLOY

0 40,000 55,400 49,400 28.2 39,2 | 21.2 8

15 46,200 55,400 | ~———e- —— L6, 7 | 23.1 11

15 43,000 54,500 ——— — L7.b | 23.6 12

15 42,700 56,000 43,800 33.3 46.6 | 22.7 16

15 ¥2,900 59,500 hg 700 35.4 yr.u{ 23.7 17

U5 4,000 57,900 4i, 200 27.2 46,6 | 25.1 18

45 , 700 59,500 42,900 29. 4.6 | 25.1 | 19

) 36,600 63,600 47,100 29. u7. 4 | 25.2 20

80 58,900 54,700 40,300 26.8 2.1 | 27.4 21

80 67,500 5k, 400 40,100 28.5 et | 28.5 | 22

g0 71,600 51,600 36,200 30.2 53,0 | 27, 23
120 71,600 55,000 32,800 30.6 BlU.U | 29.6 2y
120 66,200 /2,500 3,100 gg.e 53.0 | 27.5 26 .
120 79,400 65,000 7,200 .5 4.0 | 30.6 25 TDN -
150 59,500 57,900 43,400 38.5 53.8 | 28.8 27 Dy
150 57,000 54,100 4. koo 6.l 53.1 | 30.4 28 DN
150 67,500 61,800 2,300 2 F1.7 | 28.5 29 IN

Average hardness -~ 59 By
DN = double neck
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; TABLE VI - TENSILE PROPERTIES o _

2485-T ATLUMINUM ALLOY

Reduc~ | Elon- -
Velocity Yield Ultimate Break Energy tzgn gation
(ft/sec) | (1b/sq in.) | (1b/sq in.) | (3b/sq in.)| (£t-1b) aéea %
Static 46,000 65,600 . 64,000 32,0 33.0 20.0
10 56,000 73,000 63,000 35.7 | 32.7 | 20.2
37 67,100 77,800 Cs,hoo 43,0 40.6 22.3
6L 75,000 81,800 70,000 T 46.0 36.8 23.5
89 71,300 76,100 63,400 40,4 40,0 22.0
117 79,600 78,000 61,500 46.0 1.5 ah.8
1hg 8k, 800 78,000 61,500 6.6 41,0 25.0
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TABLE VII - DOWMETAL J, MAGNESIUM ALLOY

25

Reduc- |Elonga~| Spec~
Velocity Yield Ultimate Break Energy | tion | tiom |imen
} of num—
area oer
(£t/s0c) | (1b/sq in.)|(1b/sq in.)| (1b/sq in.)| (£5~1D) % :
0 30,000 W, 500 41,000 16.7 27.8 | 15.7 18
10 38,800 38,800 32,100 15.5 37.5 | 16.3 2
1 10 9,800 9,800 29,300 16.9 37.5 | 16.7 i
30 700 ,700 32,500 17.4 39.1 | 16.8
30 42,300 40,100 30,600 18.2 384 | 17.4 5
30 47,100 3%, 800 30,600 17.3 36.9 | 17.0 6
50 51,600 43,000 38,200 4.7 39.1 | 19.3 7 3
50 53,200 46,800 36,900 18.1 k0,1 | 19.6 8
50 46,800 9,500 28,700 16.3 39.1 | 19.0 9
75 58,000 1,700 32,800 o4.6 39,1 | 21.8 10 *DN
75 62,000 44,600 32,200 18.1 Eg.l 20,8 11 DN
75 69,400 9,800 29,800 18.3 0 | 22.7 12 g
100 73,200 1,000 3%,400 18.9 39.1 | 22.5 13 DN
100 61,700 42,300 29,600 18.5 39.1 | 19.1 | 15 DN
120 70,300 Y2,300 37,200 20.6 W0 | 22.4 | 16 DN
120 50,000 43,100 33,700 20.3 40.1 | 22.1 17 DN
Average hardness - 55 By
TABLE VIII -~ DOWMETAL X, MAGNESIUM ALIOY
0 1,500 44,600 44,600 12.5 29.% | 1k.5 20
15 2,300 46,000 35,000 17.6 277 | 1he2 1
15 42,600 4l 900 36,600 15.7 29.5 1&.1 2
15 5,000 42,300 35,000 17.0 28.7 | 1.5 3
48,35 g,400 47,100 1,700 16.3 o5.2 | 15.3 4
35 51,600 45,500 35,300 18.8 40,0 | 16.2 5
35 46,700 4. 000 36,100 17.4 39,1 | 17.W 6
60 41,700 43,700 33,700 i4.2 739.2 | 19.3 7 Blight
60 46,100 42,400 32,200 14,2 38,4 | 18.8 8 o
60 4g,700 1,500 32,400 12.9 20,6 | 18.7 9 DN
90 ,000 | ——emee ——— ——— 41, 22.2 10 N
90 »500 143,200 39,400 19.3 | ¥o.b | 23.5 | 11 N
90 2,000 45,300 38,800 18.8 gg.u 21.3 12 DR
90 ,100 ,200 35,300 23.4 .8 | 21.0 19 DN
120 53,700 50,800 | —e———m —— 38,6 | 20.3 13 DN
120 38,800 38,800 32,200 20.1 0.8 | 23.4 | 1k Tl
120 8,500 us 200 39,800 19.5 37.6 | 19.7 15 R
150 7,100 L5,500 25.3 10,8 | 20.1 16 ity
150 47,900 gg goo 45,00C 22.3% ——— ] e 17 hii
150 t h9,h00 3,600 42,400 22.7 40.8 |.18.5 | 18 DN

Average hardnens 58
¥IN = double neck

Bp
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TABLE IX - DOWMETAL M, MAGNESIUM ALLOY

Reduc~|Elonga—|Spec-

Velocity Tield timate Breagk Energy | tion | tion |imem
) of num—
area ber

(£t/sec) | (1b/sq in.}| (1b/sq in.}| (1b/sq in.)|(f5-1b)| % %
0 31,800 35,500 32,500 7.40 | 15.4 g.75 | 38
o} 31,800 33,000 30,000 13.96 | 26.1 | 16.9 39
o] 3,800 iu,soo 31,000 14.1h | 26.9 | 16.4 Lo
10 7,400 7 , 100 43,900 5.22 5.9 2.6 1
10 45,500 46,500 431,700 6.37 8.8 4.8 2
10 4900 44,900 42,300 3.84 5.0 2.9 3
20 k9,600 49,600 43,600 7.33 9.8 4.7 5
20 46,200 46,200 41,100 6.05 8.8 4.7 6
30 53,200 55,600 50,600 6.40 9.8 5.0 7
30 43,000 4, 200 36,600 4,58 6.9 3.8 g
30 38,800 49,300 44,200 60L | —— | -— 9
o | e 4g,000 iﬁ,uoo 2.37 6.0 3.5 10
Yo | e 64,000 it, 900 .59 6.0 .0 11
e R 59,500 40,100 5.55 | 5.0 | 3.3 |12
510 N S 55,000 38,500 5.34 6.9 5.2 1
50 | —m——e— 50,900 30,000 4,78 | 10.6 6.8 1

50 | —————— 51,200 30,700 i.83 6.9 3.9 15
60 | e L5,500 6,000 72 8.8 5.6 16
60 57,900 57,900 ,000 5.19 8.8 6.1 18
60 59,200 59,200 36,000 6.36 8.9 5.5 19
70 h1,700 3,700 37,600 .14 | 9.7 7.2 20
70 Y2,300 -| 42,300 35,400 5.44 6.9 u.i 21
70 45,800 46,800 34,800 L,23 7.9 7. a2
80 4k, 200 4 200 37,600 6.89 6.9 k.9 23
80 43,100 b1,100 30,400 - 6.65 6.9 4.7 =1
80 49,600 49,600 54300 5.33 | 6.0 3.4 25
g0 49,300 . 49,300 3,000 6.95 5.0 4.0 26
90 48,100 48,100 43,000 7499 —— - 27
90 39,600 50,000 7,200 6.33 8.8 6.1 28
100 54,100 54,100 ! 7.70 8.8 5.8 29
100 g,000 13,000 30,400 6.29 8.8 |. 6.1 30
100 + 300 49,300 26,000 5.87 9.7 6.9 31
120 32,100 46,800 26,000 7.09 9.7 7.8 32
120 ﬁi,zoo 44,900 Eg,soo 6.99 7.0 4,5 33
120 »200 44,200 10,400 7.00 7.9 Lh 34
150 ——— us,ggo 6,500 5.08 8.9 5.0 35
150 55 » 400 55,400 36,000 8493 8.9 546 37
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TABLE X -~ COPPER

Beduc~ | Elonga~| Spec~
Velocity Yield Ultimate Break Energy | tion tion |imen
of num-—
area ber
(£t/sec) {(1b/sq in.)|(1b/sq in.}| (1b/sq in)| (£5-1b) %
0 46,000 46,000 24,700 17.3 56 16.2 19
15 50,600 50,600 31,200 27.6 62 22.2 1
15 E;,uoo 56,600 38,500 28.5 61 20.0 2
15 7,700 54, 400 38,200 28 .4 61 20.3 3
35 55,400 58,000 37,900 29,2 63 22.0 4
35 52,200 50,900 32,200 30.1 61 24,2 5
35 49,000 5k, 1100 33,100 28.8 | 62 23.0 6
60 64,300 51,200 32,500 30.2 27.2 7
60 62,700 52,200 32,200 30,0 27.3 g
60 54, 800 5l,700 35,300 32.2 26,7 9
90 67,200 49,200 hg,000 23.3 23.9 10
90 71,300 58,500 3,500 28.1 ——— 11
30 69,700 52,200 1,100 23,5 22.1 12
120 70,700 53,800 43,500 24,1 21.8 13
120 61,800 49,400 45,200 eh,2 21.5 1L
120 68,700 52,500 47,100 2h.6 21.9 15
150 68,100 52,800 9,800 26.8 21.% | 16
150 68,100 54,100 £7 , 1400 2K.8 21.2 17
150 73,500 54,400 49,300 26.1 21,0 18
Average hardness 79 By —
TABLE XI - MACHINERY BRASS
0 56,000 64,000 55,000 27.7 43,0 | 17.4 | 22
o} 56,000 64,000 55,000 26.0 42,3 16.4% 22
15 69,400 73,200 54,100 49,3 5Y%.5 25.4 1
i5 60,500 64, 300 44,900 37.4 63.4 23.h 2
15 63,000 69,400 47,400 39,2 62.8 2,0 a
35 59,200 63,000 49,000 Wi, g RG.Y | 27.0
35 64,000 66,500 48,700 y7.2 56.5 27.5 5
35 71,300 71,300 51,900 46.0 558 275 6
60 74,500 77,000 60,800 hg.5 57.8 27.9 8
60 59,500 71,900 57,000 W1 56.5 27.1 g
60 64,600 68,500 60,800 50.1 F4.5 28.6 10 *ox
90 61,400 72,900 50, 000 50.1 65.8 31.3 11 DN
90 62,000 70,600 49,700 50.4 56.9 30.7 12 D
90 70,400 13,000 50,000 BL.6 58.5 3L.2 13 IN
120 72,900 56,800 58,200 52.5 60.2 4.8 15 N
120 74,500 ' Ga,goo 56,000 41.5 57.8 28.7 17 IN
120 76,000 65,600 60,200 ug.5 h8. L 30.2 20 Dd
150 —————————————————— m——— 5905 28.7 18 DB-
L T [ SGrio [ I 58,3 | 26.8 | 19 DN/

Average hardness T1 By

¥ = double neck
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TABLE XII - SILIGON BRONZE

28

Reduc~|Flonga~|Spec—
Velocity Yield Ultimate Break Energy | tion | tion jimen
of - num-
area ber
(£t/sec) | (1b/sq in.)|(1b/sq in.}|(1b/sq in.)|(fE-1b)| % %
0 65,000 73,000 40,000 b3 b 79.3 | 2.3 1k
25 gL, 800 90,500 | ~————- —— TW.7 | 27.8 1
25 83%,000 81,500 10,800 53.7 76.5 | 28.2 2
25 92,000 89,400 46,100 63.4 77.4 | 30.3 i
50 76,500 . 80,300 43,700 53.1 77+2 | 30.9
50 70,700 80,200 k0,700 51.9 784 1 31,3 5 *DN
50 79,600 €1,000 34,100 Pl i 76.8 | 31.7 6 DN
100 89,100 77,700 28,800 60.6 7.4 | 32.3 T iy
100 90,000 84,200 38,600 1.3 772 | 36.3 8 DN
100 66,200 83,100 ———— —_— 77.4 | L0.O 9 N
150 103,000 87,300 78,600 65.& 78, 33;2 | 10 DN
150 106,200 81,500 69,000 57 —— ] ——— 11 o™
150 107,000 82,100 76,700 52.2 79.3 | 26.4 12 -
Average hardness 76 By .
*DN = double neck
PABLE XIII -~ SAE 1112 FREE-CUTTING STBEL COLD DRAWN
Static 90,600 10%, 000 84,300 26.3 37.8 | 10.5
10 123,400 | —m—e—e 85,000 h6.a 40.6 | 16.0
2y 135,200 —— 81,500 ﬁa. 4g.1 | 15.2
37 136,000 ——— 86,500 5 47.5 | 15.2
53 143,500 | ——eemm 90,000 53.0 52,4 | 18,2
80 150,000 ——— 75,000 36.3 15,0 | 13.0
93 155,000 - | —meeee 91,000 47.1 43.8 | 14.5
145 160,000 | ——=—ee 110,000 gg.o 47,5 | 11.2
155 163,000 | ———eem 114,000 .8 U0 { 13.0
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TABLE XIV .. SAE 1020 HOT-ROLLED STEEL

]

Reduc- }Elonga-|Spec-
Velocity Yield Ultimate Brezk Energy { tion | tion l|imen
of -
area ber
(£t/sec) | (1b/sq in.)|(1b/sq in.)|(1b/sq in.)|(£t-1D)| % %
0 38,500 67,000 47,500 50.2 65.2 | 35.0 19
0 38,500 60,000 47,500 52.2 65.2 | 33.4 20
15 102,200 95,100 YT O ¥ 1 *DY
15 75,400 80,800 - 66.3 | 39.7 2
15 73,000 81,200 2,000 4.2 64,1 |} Y7 3 D
15 74,500 71,900 3,600 65.6 65.8 | 36.1 15 DN
35 77,400 76,100 ug, 400 4g.6 64.6 | 31.3 i I
35 84,500 77,900 4g,500 56.4 64.7 | 31.6 5 011§
35 97,000 98,600 66,200 67.5 6351 30.1 6 DA
60 64,000 65,300 43,600 4i.h 64.6 | 26.9 7 I
60 92,200 79,700 48,200 57.6 66.0 | 35. 8 DN
60 . 82,500 72,900 51,300 53.4 6.6 | 30.2 9 bt
90 75,800 78,400 33,000 79.0 65.6 | 33.8 10 N
90 93,200 79,000 56,600 60.0 65.7 | 32.4 11 D
90 80,100 76,100 55,200 07.5 65.0 | 36.5 12 part |
120 98,500 76,300 64,000 60.3 65.3 | 30.2 1 DN
120 93,900 81,500 70,400 63.7 65.2 | 30.8 1 DN
150 126,300 87,200 81,500 80.6 66.9 | 36. 16 DN
150 121,200 87,200 69,400 58.8 66.3 | 25.2 17 DN
150 | 117,000 77,600 68,800 B7.7 66.7 | 29.2 18 g
Average hardness 4O Ry
“IN = double neck
TABLE XV - SAE 1035 STEEZL —
Fully Annealed
Static 47,700 76,500 63,600 49.0 51.0 | 26.5
10 87,500 95,500 69,500 59.9 52.5 | 26.0
39 92,800 99,000 68,000 62.1 53.7 | 26.5
g 105,500 108,330 75,800 72.0 53.7 | 28.0
57 102,300 105,400 78,000 62.2 53.7 | 27«0
67 107,500 ,000 70,000 60.2 5i1.7 { 25.0
g8 118,000 114,000 . 13,800 71.6 55.1 | 26.9
120 120,000 112,000 64,000 69.9 55.7 | 27.5
130 125,000 107,000 57,000 79.1 56.5 | 30.5
140 121,000 97,000 55,000 75.8 6.7 | 32.0
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TABLE XVI -~ SAE X41%O STEEL
Annealed - 15%5 F

30

Elonga- |Spec—
Velocity Yield Ultimate Break Energy | %ion | tion |imen
) of num--
' area her
(£/sec) | (1b/sq in.)|{(1b/sq in.}|(ib/sq in.)|(£6-1b)} % %
0 56,000 76,000 50,000 62.2 7i.1 | 33.9 19
15 8¢,900 81,900 70,700 62.0 69.6 | 33.6 1 *DH
15 86,000 91,400 54,1400 67.2 68.6 30.3 2
15 gl,700 gl,700 4g,300 68.3 68.5 | 31. a DH
35 99,900 86,900 g;,goo 57 .2 69.2 | 27.8 D
35 104,000 87 4300 ,500 4 65.0 68.5 | 32.1 5 )7}
35 102,500 94,800 55,700 70.6 68.6 | 32.5 6 o)
60 74,500 96,700 53,500 61l.4 69.2 | 29.0 7 DN
60 74,500 €1,800 1,100 55.4 68.7 | 32.2 g Koty
60 70,000 81,100 3,600 52.7 68.1 30.& 9 DN
90 105,000 86,500 46,500 60.1 69.4 | 33. 10 Dit
90 103,500 81,800 Lk . 900 2.5 — ) —— 11 DX
90 96,500 80,500 44,300 5l.2 69.9 | 29.3 12 Dy
120 110,000 g6,000 35,000 55 .4 70.3 | 27.4 R A
120 126,000 98,500 56,300 65.0 68.5 | 27.8 15 k2|
150 103,700 79,300 26,900 59.1 71.8 | 28.5 16 DN
150 124,600 90,400 41,100 68.0 71.9 | 29.6 17 DN
150 120,000 89,700 87,200 52.3 | Tl 25.3 18 DH
Average hardness Y45 Ra *DN = double neck _—
TABLE XVII - SLE X4130 STEEL
Oil-quenched - 1575° F; tempered — 1000° F
o 133,000 146,000 9l,000 4g.9 6L.6 | 14k 19
0 133,000 147,000 93,000 Lg.5 63.4 | 1k.2 20
15 | ee—— 146,000 | —————e ——— 6%.4 | 17.9 1
15 139,000 156,000 88,800 62.8 61.6 | 16.9 2
15 143,000 151,000 91,000 63.7 63.4% | 17.3 3
35 163,000 160,000 95,700 60.7 62.8 | 17.5 y Dy
35 155,000 1k7,000 £5,000 57l 64,0 | 19. 5 D
35 139,000 149,000 89,600 59.2 63.4 | 17. 6 DI
60 148,000 155,000 87,800 53.9 63.4 | 18,3 7 DN
60 137,000 149,000 90,600 5549 6&.& 18.5 8 DN
60 139,000 143,000 74,900 2 | 66 | 17.9 9 I
90 177,000 166,000 94,200 60.0 F9.7 | 17.1 10 DX
90 162,000 152,000 87,200 55.5 64.0 | 17.3 11 N
.90 132,500 155,000 85,000 59.9 6L.6 | 17. 12 Dy
120 159,000 150,000 775700 56.8 65.2 | 15. 13 o
120 164,300 150,000 77,000 62.5 66.4 | 18,4 |1k D
120 142,300 149,000 73,200 60.1 E4.6 | 17.6 15 T
150 221,000 154,000 79,500 65.1 63.4 | 16.4 16
150 192,000 151,000 76,700 65.2 66.9 | 16.6 17 DN
150 170,000 143,000 75,400 5702 | === | —— |18 '

Average hardness 28 Rg

*I = double neck
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v TABLE XVIII - SAE X4130 STEEL
Oil-quenched — 1575° F; tempered - 800° F
: Reduc—~|Elonga~|Spec—
Velocity Yield Ultimate Break Energy | tion | tion |imen
' of num-—-
. ares, ber
(£t/sec) | (1b/sq in.)|(1b/sq in.){(1b/eq in.)|(£5~1D) % %
0 175,000 186,000 128,000 43,9 52l 3.9 19
o} 175,000 189,000 125,000 47.8 5h.z 10.8 20
15 138,000 153,000 85,700 45.6 55 13.3 1 *DN
15 152,000 162,000 97,000 us.1 52.2 | 12.2 2 ¥
15 145,000 153,000 ~ 91,000 45.0 5le7 | 12.4 a DN
35 192,000 171,000 10k,300 4g.5 53¢5 | 140 DN
35 185,000 166,000 99,300 4g.0 5.8 | 12.6 5 D
35 197,000 157,000 8l,600 .5 52.1 12,3 6
60 201,000 171,000 108,500 6.5 5.3 | 13.6 7 DH
60 177,000 159,000 95,800 4o.8 55.8 | 13.6 9 DY
90 175,000 156,000 92,600 40,1 R 10 DiF
Q0 194,000 156,000 93,000 4g,2 57.8 | 14.9 12 DN
N 120 173,000 155,000 83,500 e 2t | 12,1 | 13 DN
120 221,000 150,000 90,000 57.3 2.7 | 15. | 14+ DN
120 210,000 170,000 108,000 58.9 60.3 | 13.7 15 DN
150 233,000 162,000 62,700 54.3 57.1 | 14.2 16 DH
150 232,000 149,000 51,600 g1 F5.L | 12.0 i7 DN
150 163,700 143,500 62,100 kg1 e | e | 18
Average hardness 30 Rg
TABLE XIX - SAB X4130 STEEL
0il-quenched - 1575° F; tempered - 600° F
0 194,000 210,000 140,000 50.5 SUe5 | 10.4 10
50 209,000 184,000 109,000 537 56.5 | 13.8 1 *ow
50 200,000 196,000 120,500 9.4 57+5 | 15.0 2 DN
50 211,000 182,000 119,300 9.2 B2e2 | 1342 i i
100 200,000 191,000 99,300 58.8 57.1 | 14.5 N
100 198,000 179,000 92,600 58.3 58.2 | 1.5 5 DX
100 197,000 163,000 99,800 5T 4.2 | 15.1 6 I
- 150 206,000 178,000 94,900 58.0 57.1 | 12.0 7 )
150 168,400 149,500 70,400 5l.2 56.0 | 12.8 8 D
150 214,000 187,000 105,400 62.7 59,9 | 12.7 9 N

Average hardness 37 By
¥ = double neck
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TABLE XX - SAE 6140 STEEL
0Oil-quenched — 1620° F; tempered — 1020° F

32

0 S

: Reduc— |[Elonga~ |Spec—
Velocity | Yield timate Break Energy | tion | tion |imen
of nusi-
aresa . ber
(£t/sec) [(1b/sq in.)| (2b/eq in.}| (Ib/sq in.)|(ft-1b); ¥ %
0 170,000 193,000 152,000 53.2 43,0 | 11.2 19
0 165,000 187,000 161,000 4g.8 ui5 | 11.Y4 20
15 189,200 208, 30C 146,300 79.0 47.7 | 13.8 1
15 182,000 199,000 14Y4,200 72.7 R I R 19 3 2
15 185,300 198,30C 135,300 gu. 45,6 | i5.1 i
35 185,000 196,500 141,300 67.0 48,9 | 13.7 *DN
35 227,000 234,000 163,200 g4.5 Ug.9 | 14.3 5
35 200,300 191,000 133,000 T1.6 49,6 13.3 6 D
60 188,000 199,000 131,000 65.4 50.3 | 1Lk.6 7 DH
60 196,000 190,000 128,000 68.5 50.3 | 15.9 8 DH
60 174,000 192,000 136,000 6l.8 51.0 | 15.4 g oy
90 195,000 191,000 135,000 73.1 49,6 | 15.0 10 D
« 90 188,000 193,000 132,000 3.7 ¥6.7 {19 11 DH
90 139,000 18g,000 124,000 71.5 50,2 1.6 |12
120 204,000 188,000 115,000 70.6 kg, 13:7 1 DN
) 120 129,700 198,000 132,500 78.0 53.0 | 14.5 1 it
120 127,000 186,000 120,000 83.1 50.3 | 14.3 15 DX
150 196,300 194,000 125,000 L4 3.1 | 13.9 16
150 216,000 182,300 111,000 7E,o 51.0 | 13.8 17 D
150 210,300 173,000 108,800 4.5 53.8 | 14.5 18 DY

Average hardness 35 Rg
*IN = double neck
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TABLE XXI - STAINLESS STEEL

16 Percent Or -~ 2 Percent Ni Tempered at 1200° ¥

Reduc~| Flonga-

Velocity Yield Ultimsate Bresk Energy tion tion

of -

area ’
(£t/sec) | (1b/sq in.) | (1b/sq in.) | (1b/sq in.) | (£5-1b) %
Static 99,000 126,000 8k,000 57.1 61.5 18.5
37 158,000 158,000 85,000 70.9 64.0 20.0
75 166,500 173,000 g5,000 9k.3 65.8 21.5
107 192,000 168,000 85,000 86.4 66.3 23.5
TABLE XXII -~ STAINLESS STEEL
16 Percent Cr - 2 Percent Ni Tempered at 900° T

Static 204,000 215,000 143,000 110.0 63.5 21.0

33 196,000 176,000 89,500 54.9 60.3 14.6 -
.~ 65.3 | 267,000 215,000 116,000 g2.1 £0.%3 | 16.6
8%.3 225,000 195,000 113,000 72,0 60.3 16.3
105 214,000 170,000 68,000 66.14 61.2 17.5

TABLE XXIII -~ STAINLESS STEEL
186 Percent Cr - 2 Percent Ni Tempergd at ’?OOo by

Static 194,000 20l, 000 154,000 73.1 53.0 15.0
3%.3 204,500 197,500 88,500 59.2 60.3 i4.1
60.5 256,000 232,000 100,000 gh.6 60.3 |- 16.2
gL.U 216,000 185,000 a7,000 6, 60.3% 16.0
127 294,000 225,000 127,000 66. 61.2 20.0
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- TABLE XXIV - STAINLESS STEEL
R 18 Percent Chromium - 8 Percent Nickel
Redug~|{ Elonga—~| Spec—
Veloeity| . Yield Ultimate Break Energy | tion | %ion |imen
of nUn-
area ber
(£t/sec) | (1b/sq in.) | (1b/sq in.) {(1b/sq in.)| (£6-1b){ % %
0 | —eme— 96,800 96,800 169.5 | 74.0 | 75.0 31
0 | ——m 96,800 96,800 149,3 73.0 656.5 32
15 64,000 101,200 ————— ———— | 64,0 | 50.8 1
15 75,400 100,300 74,200 131.0 | 63.4 | 50.6 1
15 79,300 107,300 - 64.0 | 56.2 15 *DN
35 79,900 | —m—emmm 63.4 | 56.0 16 DN
35 68,500 106,000 - 62,2 | 55.4 17
35 75,500 103,000 78,300 130.0 | 63,4 sa.o 1 18 oy
35 70,000 104,000 79,500 136.0 | 64.0 | 54.0 30 i
60 55,400 112,000 - 62.8 | 60.5 19
- 60 59,900 107,300 7%,900 137.0 | 63.4 | 56,2 20
60 58,500 111,500 #0,900 1ﬁ7.o 62.8 | 54.8 21
90 69,700 106,000 78,000 143.0 | 62.8 | 59.4 23 DN
Q0 76,100 111,000 80,200 150.0 | 63,4 | 55.6 25
120 79,500 111,000 82,500 160.0 | 63.4 | 58.1 26 DN
120 83,400 119,000 83,300 168.0 | 63.4 | 57.5 27
150 112,500 117,000 85,500 173.0 | 63.6 | 59.0 28 DY
150 102,800 111,700 80,500 154,0 | 63.6 | 55.6 29

Average hardness 82 Rp

DN = double neck
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Figure 2.~ Disc showing jaws and counter-weights.
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) Figure 4.- Dynamometer, anvil, and striking jaws.
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Figure 6.- Specimen,

tup, and
extensometer before
impact.

Figs. 5,8,7

Figure 5.~ Specimen,

dynamom-
eter, and extenson-
eter.

Figure 7.-
Solenocid and
trigger mech-
inism.
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Figure 8.~ Specimen,dyna-
o 3 mometer, ex-
.= tensometer, tup (detalls).
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Figure 1ll.- Typical force-time diagrams.
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- Do not reiieve threads at shoulder:
Machine threads away from
shoulder, with tool upside down, ro-
fating work in reverse direction

s !
, 1j2" NF
//2 A 200" = .0027 T_; 20 toi
20 tor - - 1/2* -
N
\R=1/32" L
‘6—‘9//6” _;l(___/u*_ 005" __'_><,..,‘<__//2// _)l

/g
Right-hand threads to fit accompanying thread gage

Figure 13.- Tension Specimens. Scale: twice full size.

s (L

Figure 14.- Double necked specimen.
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Figure 15,- Stress strain curves, aluminum.
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Figure 16.- Stress strain curves, 17ST duralumin.
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Figure 17.~- Stress strain curves, 24ST aluminum alloy.
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Figure 19.- Stress strain curves, Dow metal M.
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Figure 20.- Stress strain curves, Dow metal X,
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Figure 24.- Stress strain curves, SAE 1112 steel, cold drawn,
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Figure 25,- Stress strain curves,, hot rolled steel,
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Figure '60.- Ultimate strength against gage' length.
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Figure 61.- Elongation against gage length.
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